I . The effects of seasonal conditions and nutrition on serum proteins and serum urea concentrations were studied in female reindeer and reindeer calves in Finland. With the exception of one group in winter, the reindeer were roaming wild in the forests. This one group was kept in captivity, out of doors, on a comparatively high nutritional plane. One group lived wild during the winter in very poor nutritional conditions. 2. A very clear seasonal variation in the serum protein and urea concentration was found. The serum protein concentration was low in late winter and increased rapidly during the summer, being high in the autumn. The serum urea concentration was also low in the winter and high in the summer. In the autumn, however, the serum urea concentration was again low.
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Animals and diets. The reindeer were divided into five groups. Groups I, a and 3 were adult female reindeer from which blood samples were taken within a period of a month, March-early April.
Group I was reared in captivity out of doors in Kuusamo (66" 30' N) and was maintained in a good nutritional state on dry hay, dry leaves of Betula pubescens and lichens. This food was always available.
Group 2 was left to roam wild in the forests of Kuusamo with a comparatively good food supply. They ate lichens (Alectoria spp.) from felled trees at timber-cutting sites. The reindeer were captured using a foot noose.
Group 3 was living wild in Enontekio, in Finnish Lapland (68" 30' N) . I n this area the reindeer had great difficulty in digging for lichens because of the hard crust on the snow. Here there were no Alectoria spp. for them to feed on. At the time when the blood samples were taken the reindeer were already in a poor nutritional state and soon afterwards it became known that a large number had died in this area. I n Enontekio the reindeer were captured by lasso.
Group 4 consisted of wild roaming female reindeer (4A) and their I-a-month-old calves (4B). The blood samples were taken during the marking of the calves in the summer in late June and early July in Kuusamo. These reindeer had been eating food of high nutritional value for I month, e.g. leaves of Betula and Salix.
Group 5 consisted of wild roaming female reindeer (5A) and their 4-5-month-old calves (5 B). T h e animals were captured and the blood samples taken during the marking of reindeer in the register at the beginning of October. At this time they were beginning their winter feeding regimen but had been eating mostly Equisetumjuviatile, Menyanthes trifoliata, Chamaenerion angustifolium and Boletus spp. in mid and late summer. The crude-protein content of these foods was very high (Table 4) .
Analyticalmethods. The blood samples were taken from the jugular vein immediately after capture, and the reindeer were then weighed. The serum protein content was determined using the Biuret method (Schlieper, 1965) . The electrophoretic separation of the serum proteins was done using cellulose acetate and polyacrylamide gels. Polyacrylamide gel electrophoresis was done by the method of Pleuger (1969) . Barbital buffer, p H 8.6 and ionic strength 0-075 , u (Millipore Corp., 1968) , was used for the cellulose acetate gels. Serum urea concentration was determined using the Nesslerization method (Amino, I 964).
Statistical analysis. The t test was used to test the significance of differences between group mean values.
R E S U L T S
Changes in body-weight
For the groups studied in the winter (groups 1-3) the body-weights were significantly higher in each of the Kuusamo groups (groups I and 2 ) than in the Enontekio group (group 3) ( Table I (Varo, 1973) . During the summer the weight increased rapidly and in October it was about 20 yo higher than in the summer. The weight of the reindeer calves increased by about 130% during the three summer months.
Seasonal changes in serum protein concentration and composition, and in serum urea concentration The serum protein concentration was highest in the samples taken in the autumn (group 5 A) and lowest in the samples taken in late winter (groups z and 3). During the summer (group 4A) the serum protein concentration was higher than during the winter (groups I-3), and this pattern of increase continued from the summer into the autumn (Fig. I , Table 2 ). These changes were significant, and the results suggest that they were mainly due to changes in serum globulins. The change in serum albumin concentration was comparatively small. The albumin : globulin ratio was thus found to be much higher in the winter (due to the low globulin content) than it was in the summer and, especially, the autumn ( Table 2 ). Serum globulins also increased in the reindeer calves from the summer to the autumn, but the total globulin content was clearly lower than in the adults. This pattern was also suggested by the results of serum electrophoresis (Fig. 2) .
The serum urea concentration was low in the winter and the autumn compared with that in the summer (Table 3) reindeer are very markedly affected by exercise or disturbance. During 2 d spent impounded in an enclosure the serum urea concentration can increase 7-8 times (Hyvarinen & Helle, 1974) . Therefore only animals which had been disturbed very little, less than 2 h in an enclosure for the groups studied in the summer and autumn, were used for urea determination.
EfSects of winter conditions and nutrition on serum protein concentration and composition and on serum urea concentration Total serum protein concentration was highest in the supplementary-feeding group (group I ) and lowest in the group maintained under poor nutritional conditions (group 3). I n particular the serum globulin content of group I was higher than that of groups 2 and 3, and this was the major part of the difference in total protein concentration between groups I and z ( Table 2 ) . I n group 3 the serum albumin concentration was also significantly lower than that in group 2, and the globulin concentration was even lower than in group 2. The a1bumin:globulin ratio was lowest in group I.
Serum urea concentration (Table 3 ) was significantly higher in group I than in group 2 , and even in group 3 it was significantly higher than in group 2 . I n group 3 the serum urea concentration was highest in those animals whose serum protein concentration was lowest (r 0.87). for (a) an adult female reindeer and (b) her calf aged I month. The proportion of y-globulins in the calf was very low compared with that in the adult, but the corresponding proportion of possible a-globulins was comparatively higher than that in the adult. , although values for seasonal variations in serum protein concentration were not as high as those found here. These changes are presumably associated with changes in available nutrients. It is well known that the normal winter food of reindeer and caribou is very poor in proteins and minerals (Kelsall, 1968; Steen, 1968; Westerling, 1969; McEwan & Whitehead, 1970) . The reindeer have adapted to this situation, however, and in normal years when digging conditions are good, wintering and reproduction are quite successful. The energy value of lichens is comparatively high because of their high carbohydrate content, although their protein and mineral content is low (Isotalo, 1971 ; Westerling, 1973) . A clear seasonal variation has also been observed in glucose metabolism of the reindeer (Cameron & Luick, 1972; Luick, Person, Cameron & White, I973) , and it has been found that hydrocortisone secretion is more intensive during winter than during summer (Yousef, Cameron & Luick, 1971) .
During the summer the reindeer are eating food of high nutritive value (Stem, 1968) , and it is during this time that the animals grow and gather body reserves for winter use (Klein, 1968; McEwan, 1968a) . This can be seen in the seasonal changes in the body-weights of the animals and also in the changes in serum protein concentration and composition and in serum urea concentration. The crude-protein content of lichens, of the hay and dry leaves used in this study as supplementary feed, and also that of the most important food sources of the reindeer during the summer months (Menyanthes trifoliata, Equisetum fluviatile, Chamaenerion angustifolium, Boletus spp.), shown in Table 4 , are values reported by Isotalo (1971) and the unpublished results of the SITRA (Suomen Itsenaisyyden Rahasto) investigation team in Finland.
The crude-protein content of lichens of the Cladonia spp. is very low while that of Alectoria SFP. is higher, and that of young, dry leaves of Betula and Salix is especially high. The summer food contains many times more protein than the winter food. The reindeer in group I were receiving food of comparatively high crude-protein content during the winter and this was reflected in the higher serum protein concentration and also in the comparatively high serum urea concentration. It is known that in protein malnutrition the total serum protein concentration decreases (Grimble, Sawyer & Whitehead, 1969) . Under normal circumstances this is achieved by a decrease in the serum albumin concentration, resulting in a decrease in the albumin: globulin ratio. I n the reindeer studied here and also in those studied by Afanas'ev (1963) , the decrease in serum protein is at first associated with a decrease in serum globulin concentration, and the albumin: globulin ratio thus increases. It is obvious that reindeer are comparatively well adapted to seasonal variations in food composition, and the high concentration of globulins in autumn may represent reserve protein for the winter. The serum albumin content was also lower in group 3, which must be occasioned by protein malnutrition. Grimble et al. (1969) have shown that in rats and pigs reductions in the concentration of the total serum protein and albumin are closely related to primary protein malnutrition but not to undernutrition. In group 3 the reindeer have suffered both from protein malnutrition and from undernutrition. Hence the body-weight of these reindeer was also low compared with that of the animals in groups I and 2.
The increase in the serum urea concentration in group 3, although there was a decrease in the total serum protein concentration, is not in agreement with the finding that the serum urea concentration reflects to a certain extent the protein content of the food (Preston, Schnakenberg & Pfander, Klein & Schonheyder (1970) suggested that the reindeer also seems to be able to compensate for low nitrogen levels in forage by recycling N through the saliva. Hyppola, Kiiskinen & Hannila (1973) have assumed that in reindeer this recycling of urea must be especially important because of the very low protein content of the food in winter. The high value for serum urea in group 3 under extremely poor nutritional conditions may be connected with lowered microbial activity in the rumen. This assumption is in agreement with the higher serum urea concentration in those reindeer which had the lowest serum protein concentrations. In this group (group 3) severe mineral nutrient deficiencies have also been found (Hyvarinen & Helle, 1973), which in connexion with general undernutrition might have been one important reason for the catastrophe in Enontekio during the spring of 1973. Bones of dead animals were very thin and, apparently as a result of severe undernutrition, all fat in the medullas of the long bones had been consumed. It seems, however, that the reindeer cannot use their muscles as energy reservoirs because the activity of creatine phosphokinase (CPK) in the serum of the reindeer of group 3 was not higher than that in groups I and 2 (Hyvarinen & Helle, 1973) and clearly lower than that of group 4A and 5 A (Hyvarinen & Helle, unpublished results). CPK in the serum is derived from the muscles. Luick et al. (1973) found that the glucose entry rate and plasma glucose concentration was greatly reduced when food was scarce. We measured blood glucose levels in the reindeer groups studied. There were no significant differences between the groups 1-3 (mean f SE (mmol/l whole blood): 3.62, 0.12; 3-82, 0.24; 3-70, 0.24 respectively) (Hyvarinen & Helle, 1973). We suppose, therefore, that the importance of glucogenic amino acids as a source of glucose is not significant. During summer (groups 4A and B) and autumn (groups 5A and B), however, we found higher glucose levels than during winter (group 4A, 4.68 f 0.24 mmol/l whole blood and group 5A, 4 5 3 f 0.24 mmol/l whole blood, Hyvarinen & Helle, unpublished results), but we assume that these high values are for the most part caused by the stronger handling stress of these groups as compared to the winter groups (1-3).
Undernutrition in late winter is known to be serious for reproduction in caribou and reindeer (Pruitt, 1961 ; McEwan & Whitehead, 1972) . This was clearly also the situation in Enontekio, for hardly any reindeer calves were to be found in the area that summer.
It is therefore necessary to organize an effective supplementary feeding system for reindeer during severe winters to avoid such catastrophes. This is now one of the most pressing problems for reindeer husbandry in Finland.
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